INTRODUCTION
The iron chiral auxiliary [(nS-C5H,) Fe(C0)(PPh,)1 has been extensively developed over the past few years by o~rselves'-'~ and others" for the asymmetric synthesis of organic molecules generally via carbon-carbon bond forming reactions. The iron chiral auxiliary exerts powerful stereochemical control in a wide variety of reactions of attached acyl ligands including alkylations,'-' aldol reactions,'-'' tandem Michael additions and a1kylations"-" and Diels Alder reactions."
potential of the parent iron acetyl complex 1, which is now commercially available," for asymmetric synthesis is illustrated below by the asymmetric synthesis of the anti-hypertensive drug (-)-captopril and of a variety of 6-lactams.
The iron acetyl complex 1 is a chiral" pseudo-~ctahedral'~-'~ complex with the The structure shown in Figure 1 .
when enantiomerically pure is configurationally stable.
the acetyl ligand of 1 in the solid state is such that the acyl oxygen lies approximately anti-periplanar to the carbon monoxide ligand.'9,2J In order to minimise the steric interactions between the phenyl rings and the acetyl ligand the triphenylphosphine orientates itself so as to place one phenyl group under and approximately parallel to the acetyl ligand. There is a great deal of theoretical
13
It is orange air-stable crystalline material which
The conformation adopted by co and experimental evidence to suggest that this is the favoured conformation for any acyl attached to the iron chiral auxiliary. * " * 2 6 There is a further degree of stereochemical complexity present in these complexes, namely the sense of the screw of the triphenylphosphine rotor. To date all acyl complexes of this type so far studied exhibit the same screw as shown in Figure 1 again to minimise steric interactions with the other ligands. The application of the above alkylation methodology to asymmetric synthesis is illustrated below for the synthesis of the anti-hypertensive drug (-)-captopril 6 (Scheme 1).
gave the (R)-propanoyl complex 1. E-enolate and trapping with bromomethyl benzyl thioether gave 8 as a single diastereoisomer with the expected (RS) absolute stereochemistry as evidenced by the characteristic chemical shift of the a-methyl group. Oxidative decomplexation of 8 in the presence of the benzyl ester of 1-proline gave dibenzylcaptopril 9. Since 9 was diastereoisomerically pure this provided confirmation of the optical purity of 8 and demonstrates that decomplexation does not racemise the newly formed chiral centre. Finally deprotection of 9 gave (-)-captopril 2.
Methylation of commerically available'' iron acetyl complex R-(-)-L Treatment of 1 with butyllithium to generate the Asymmetric synthesis of (-)-captopril 6 (unoptimised yields)
Captopril 6
SYNTHESIS OF (Y, p-UNSATURATED I R O N ACYL COMPLEXES (refs. 28,29)
Trapping the lithium enolate derived from the parent acetyl complex 1 with aldehydes generates the @-hydroxy acyls lo, essentially non-stereoselectively. Sequential 0-methylation and base induced elimination of these mixtures lo generates the E-a,@-unsaturated acyl complexes 11 in high yield.
The a-trimethylsilyl iron acyl complex 12 can be prepared in large quantities by trapping the lithium enolate derived from 1 with trimethylsilyl chloride.
Complex 11. can be employed in the Peterson olefination reaction to generate separable mixtures of E and 2-a,B-unsaturated acyl complexes. This method is the most convenient for the preparation of the 2-isomers.
T A N D E M MICHAEL ADDITION-ALKYLATION REACTIONS (refs. 11-14)
The E-a,@-unsaturated acyl complexes fi undergo stereoselective Michael addition reactions with alkyl lithiums to generate the corresponding E-enolates 12 which may be trapped stereoselectively by electrophiles. Generally only a single diastereoisomer of the product 14 is detectable indicating complete stereocontrol over both centres.
The stereoselectivities may be rationalised in terms of initial coordination of the alkyl lithium to the acyl oxygen followed by delivery of the alkyl group to the @-carbon of the a,@-unsaturated acyl ligand in the cisoid conformation thus generating the E-enolate 13. Alkylation of 2 f o r the unhindered face, as above, would then give 14. addition of two alkyl groups to only one of the faces of the original a,@-unsaturated acyl ligand.
Overall the procedure represents the stereoselective 1,2-cis 
Me
On subjection to sodium hydride ( S 1 -G generated the (S)-E-crotonyl complex 3, which was treated with lithium benzylamide followed by methanol to generate (S,2S)(+)-E as a single compound.
(4S)-(-)-4-methyl-N-benzyl-8-lactam
2 essentially optically pure.
Oxidative decomplexation of 2 gave NaH 1.
BnNHLi ?.&OH
Addition of lithium dimethylamide to the (R)-E-cinnamoyl complex 6 followed by protonation of the resulting enolate with methanol generated stereoselectively (RS)-Z as the only detectable product. 
